1564

In selecting the molecular formula for
leprotene Takeda and Ohta 2 emphasized
the carbon content. Their H-value (9.12 9,)
was very close to that required for C, H,,
(9.16 %), although the C-value was about
1 9% too low. For aryl carotenoids the hy-
drogen uptake may vary considerably with
the hydrogenation conditions.

The name leprotene has priority over
isorenieratene. However, the nomenclature
of aromatic carotenoids will be discussed
elsewhere.
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Circular Dichroism and Chelation:
Complexes of N,N’-Bis (2-butan-1-
ol)-ethylenediamine
C. J. HAWKINS

Department I, Inorganic Chemistry, The H.
C. Orsted Institute, University of Copenhagen,
Copenhagen, Denmark

Larsen and Olsen ! have recently reported
that optically active monodentate li-
gands co-ordinating through nitrogen (e.g.
d-2-aminobutane) or oxygen (e.g. d-a-
methylbutyrate) do not impose an observ-
able optical activity onto the d—d tran-
sitions of metal ions. An optically active
chelate, however, causes its complexes
(e.g. mono (l-propylenediamine)copper(II))
to exhibit ecircular dichroism. A vicinal
effect of the asymmetric carbon in the
monodentate was not sufficient to cause a
measurable activity but the puckering of
the chelate ring lowered the effective sym-
metry and the Cotton effect was observed.
Therefore, circular dichroism should prove
to be a useful tool for determining whether
an optically active ligand behaves as a
chelate.

In this paper, the above observations will
be applied to some metal complexes formed
in solution by N,N’-bis(2-butan-1-ol)-ethyl-
enediamine (‘ethambutol’; structure below
with X = OH). These complexes are im-
portant because they are thought to be
responsible for the compound’s consider-
able antituberculous activity.? From a
comparison of the stability of these com-
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plexes with the stability of complexes
formed by a number of closely related
compounds (e.g. N,N’-di-sec-butylethylene-
diamine), Hawkins and Perrin ? have con-
cluded that ethambutol, both in its neutral
and ionised forms, acts as a tetradentate
ligand with copper(II) and nickel(II). The
circular dichroism measurements presented
in this paper have afforded further evidence
to show that the hydroxyl groups must
take part in the co-ordination.

C,H,

The absorption spectra and circular di-
chroism are given in Fig. 1 for the 1:1 d-
ethambutol-copper(II) complex in its
‘neutral’, ‘half-ionised’ and ‘fully ionised’
forms and in Fig. 2 for the corresponding
nickel complexes.

The observed dichroism must arise from
either the incorporation of the asymmetric
centre into a chelate ring or, perhaps, a
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Fig. 1. Absorption (=—-) and circular dichroism
( ) spectra for solutions of copper(II)
nitrate (5 x 10-* M) and d-ethambutol dihydro-
chloride (5 x 1073 M) at 20° and I = 0.1
(NaNO;). Concentrations of NaOH are: (1),
1.0 x 1072 M; (2), 1.5 x 1072 M; (3), 2.0 x
10~2 M. Species present are: (1), CulH,L3+; (2)
CuHL*; and (3), CuL.?

stereospecific effect of the unco-ordinated
optically active butanol groups on the con-
formation of the ethylenediamine chelate
ring. In order to estimate the importance of
this latter proposal, the circular dichroism
spectra ofp the corresponding copper(II)
and nickel(II) complexes with I-N,N’-bis
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Fig. 2. Absorption (~--) and circular dichroism (

) spectra for solutions of nickel(II)

nitrate (5 X 10°* M) and d-ethambutol dihydrochloride (5 x 10-3 M) at 20° and I = 0.1

{(NaNOQO;). Concentrations of NaOH are: (1), 1.0 x 10~2 M; (2), 1.5 x 10-2 M;(3), 2.0 x 102 M.

Solutions (2) and (3) were -clouded by slight precipitation. Species present are: (1), NiH,L3t;
(2) and (3), uncertain composition.?
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(1- (chloromethyl)propyl) ethylenediamine
(structure above with X = Cl) were meas-
ured. In these complexes the optically
active groups are unable to chelate.

The circular dichroism for the copper(IT)
complexes with this ligand * (Fig. 3) is
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Fig. 3. Absorption (-—-) and circular dichroism
( ) spectra for solutions of copper(II)
nitrate (5 x 10® M) and !-N,N’-bis(1-(chloro-
methyl)-propyl)ethylenediamine dihydrochlo-
ride (5 x 1073 M) at 20° and I = 0.1 (NaNOy).
Concentrations of NaOH are: (1), 1.0 x 102 M;
(2), 1.6 x 1072 M; (3), 2.0 x 102 M, Species
present probably have exclusive hydroxo
bridging.

very much less than that for the correspond-
ing ethambutol complexes and is of a
different general shape. (Note the difference
in the ordinate scale: 1 to 20). The nickel
(IT) complexes gave no observable dichroism
and their absorption spectra did not show
the same dramatic change as was found
for the ethambutol complexes. Thus, the
bulky unco-ordinated optically active
groups on the nitrogens are able to impose
a small amount of circular dichroism onto
the d-d transitions of copper(Il). However,
this cannot account for the circular di-
chroism spectra of the ethambutol com-
plexes which must, therefore, be due to
the co-ordination of at least one, or more
probably both, of the OH groups. Because
the water molecules in the plane of the
copper would be removed by the chelation

* By comparison with the complexes of
N,N’-di-sec-butylethylenediamine,? these com-
plexes are probably polynuclear envolving
extensive hydroxo bridging.
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of the butanol groups, these experiments
also support the conclusion of Hawkins
and Perrin® that the protons must have
been liberated from the ligand and not
from co-ordinated water molecules to give
the ‘ionised’ species.

Experimental. d-Ethambutol dihydrochlo-
ride and I-N,N’-bis(1-(chloromethyl)propyl)-
ethylenediamine dihydrochloride, supplied as
research samples by Dr. A. Wander SA, Berne,
and the Lederle Laboratories of the American
Cyanamid Co., were dried at 100° and used
without further purification. All other rea-
gents were of AnalaR grade.

Solutions, prepared from standard solutions
of metal nitrate and carbonate-free NaOH
and weighed amounts of the ligand, were
adjusted to an ionic strength of 0.1 with sodium
nitrate. The investigations were carried out at
20°. From the stability constants and pK,
values determined by Hawkins and Perrin 3
under identical conditions, it was concluded
that, when 2, 3, and 4 equivalents of NaOH
had been added, the copper(II) was almost
completely in the forms, CuH,L?*+, CaHL+ and
CuL, respectively. Unfortunately, similar data
are not available for the nickel system.

Circular dichroism measurements were per-
formed with a Roussel-Jouan Dichrograph
possessing an extended wavelength scale
(800—220 my). The absorption spectra were
measured with a Cary Model 14 recording
spectrophotometer.
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